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This thesis comprises physical, thermal and spectroscopic investigations besides 
electrical transport studies conducted on ternary glass systems with NASICON -type 
chemistry. These glasses are important as stable phosphate glasses with nonlinear optical 
properties. 'NASICON' is the acronym for Na -Super Ionic Conductor, based on 
NaZr2(P04h. A very large family of compounds exists, with the NASICON -type 
struc'ture. These compounds can be represented by the general chemical formula AxByP3012, 
where A is an alkali ion, B is a tri, tetra or pentavalent element. Glasses with such com-
positions -NASICON chemistry -are interesting to investigate, since according to their 
chemical formula they are orthophosphates which are thought to be difficult to form 
in vitreous state. Secondly existence of crystalline compounds and glasses with the same 
composition permits comparison of the properties of the glasses with those of the 
crystalline forms, complementing the investigations on the glasses greatly. Systems 
can be chosen with the valency of B varying from 3 to 5, but retaining the NASICON 
type composition. The structure of the crystalline NASICON's is described in terms of 
a 3-dimensional network of corner sharing P04 tetrahedra and B06 octahedra. Such a 
network leads to a rather open structure, with alkali ions occupying some interstitial 'holes' of 
the network. In glasses, however, such crystallographic or topological features are not 
expected to be retained and this difference manifests as differences in properties of the 
crystals and glasses.  
This thesis is divided into 7 chapters. In the first chapter an introduction to the  
glassy materials is given highlighting the salient features of glass formation, glass structure, 
glass transition etc., particularly in relation to the findings of this work. Also given in this 
chapter is a brief discussion on the crystalline NASICON compounds.  
The second chapter describes the preparation of the crystalline and glassy 
materials and physical and thermal characterization of the glasses. The crystalline 
compounds have been prepared through solid state reactions. The glasses have been 
made by quenching the melts. The molar volume change is significantly greater for 
the glasses than crystalline compounds on interalkali substitution, suggesting a rather 
tight packing geometry around the alkali ions in the glass. The glass transition 
temperatures are found to be rather unaffected by interalkali substitution, which is 
very special, since in simpler binary systems like alkali silicates, borates, phosphates etc., 
the glass transition temperature changes significantly on varying the alkali ion from Li 
to K. This observation indicates that in the present system of glasses the motion of the 
network elements is more crucial for the occurrence of glass transition rather than the 
cage vibrations of the alkali ions. Crystallization studies carried out on some of the 
systems where a NASICON type crystalline phase is found to crystallize out of the 
glass, indicated several stages of crystallization. This also indicates that major 
structural rearrangements are involved in the glass to crystal transition. These results 
imply that the structures of the crystalline and glassy form of the same composition 
are not similar. The enthalpy relaxation studies carried out on the sodium niobium 
phosphate glass is presented as appendix to chapter 2.  
The third chapter presents the vibrational (Infrared absorption and Raman scat-
tering ) spectroscopic studies on the crystalline and glassy NASICON's. Factor group 
analysis has been done in order to account for the observed spectral bands of the crys-
talline compounds. This also aids in the interpretation of the spectra of the glasses. It 
is found from these studies that the glasses contain mainly pyrophosphate units. 
Formation of these units can be understood, since structural and chemical 
disproportionations are well known to occur in phosphate melts and the ensuing 
glasses. A resonance (bond switching) mechanism is proposed to explain the 
pyrophosphate like bands present in the spectra of even some crystalline NASI CON 
compounds.  
3Ip Magic Angle Spinning Nuclear Magnetic Resonance (MAS NMR) 
investigations of some of the crystalline and glassy NASICON's are discussed in the 
fourth chapter. An important observation from this study is the confirmation of the 
presence of pyrophosphate units in glasses.  
The fifth chapter deals with the alternating current (ac) conductivity 
measurements of the glasses. Generally the Li glasses are found to show the highest 
conductivity and the K glasses the lowest. The σdc(estimated from impedance plots) 
activation barriers are found to be rather independent of the alkali ion or the glass 
composition. It is shown that the frequency dependence of the ac conductivity of all the 
glasses at all temperatures can be fitted well with a three-term power law using two 
exponents, 0.5 and 1.0 
                                        σ (w) =σ0 + A w0.5  + B w1.0 
This is not altogether surprising since now there is some theoretical basis for a three -term 
power law with exponent values of 0.5 and 1.0. The coefficients A and Bare found to 
be determined primarily by the magnitude σ0, which is the dc conductivity. A and B are thus 
rendered temperature dependent. The study of the variation of A and B with σ0 gives 
insight into the variation of the ac activation barrier with frequency. The data have also 
been analyzed using electric modulus formalism. It is found that the ac conductivities 
(of all glasses at all temperatures), scaled with the corresponding dc conductivity, while 
plotted as a function of frequency scaled with the peak frequency of the M" peak, 
yield superimposable curves. This indicate that a common mechanism of ion transport 
is operative in these glasses, irrespective of the nature of the cation, composition and 
structure of the glass.  
 
Some of the compositions investigated in this study form stable, clear glasses. 
Hence they provide good hosts for optically active ions. The fluorescence of and the 
energy transfer between two rare earth ions namely Tb3+ and Dy3+ have been carried 
out on two glassy matrices, namely Na4NbP3012 and Na5TiP3012' Energy transfer is found to 
occur from Dy3+ to Tb3+ and the energy transfer has been deduced to be accomplished 
through dipole-dipole interaction. This work is presented in the sixth chapter.  
In spite of the oxides of tin being special constituents of commercial glasses, very 
little has been reported in the literature about tin containing glasses. (particularly 
phosphates). The results of the investigations on some sodium tin phosphate glasses 
and the tin pyrophosphate glasses are presented in Chapter 7. It is found that tin is 
present in both +2 and +4 states They are again present in both 4 and 6 coordinated 
sites. Thus tin has been found to behave very much like lead in phosphate glasses.  
